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IMAGE SUPER-RESOLUTION METHOD AND APPARATUS, AND COMPUTER READABLE

STORAGE MEDIUM

Disclosed is an image super-resolution method,

which includes: acquiring and amplifying an image to be
processed, and extracting a scaling feature from the am-
plified image, to obtain a first image to be processed;
sending the first image to be processed to a residual net-
work, for the residual network outputting a corrected sec-

ond image to be processed; and restoring the second
image to be processed to generate a restored image,
and outputting the restored image. The present disclo-
sure further provides an image super-resolution device
and a computer readable storage medium.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of image processing, and in particular, to an image
super-resolution method, an image super-resolution de-
vice, and a computer readable storage medium.

BACKGROUND

[0002] Nowadays, high-resolution display screens has
been widely used in home audio and video equipments
and mobile devices, as people are of increasingly de-
manding of high-quality images or videos. High-quality
images or videos help people to obtain more abundant
and accurate information, and resolution is an important
factor for judging the quality ofimages. However, in many
cases, the resolution of the captured image is lower due
to the limitation of the performances of external machines
and the influences of shooting conditions, the blurred im-
age cannot meet the requirements of practical applica-
tion. Therefore, it is imperative to improve the image res-
olution. Although the most direct way to improve the im-
age resolution is to improve the hardware configuration,
the image resolution which is also called as super-reso-
lution technology is usually improved through the soft-
ware method, as improving the hardware configuration
is costly and limited by the physical condition.

[0003] Super-resolution image reconstruction can
generate high-quality and high-resolution images
through a set of low-quality and low-resolution images or
a motion sequence. With the development of artificial in-
telligence, technicians can get super-resolution single
frame based on depth convolution neural network, mak-
ing great progress in super-resolution technology of sin-
gle frame.

[0004] At present, super-resolution image reconstruc-
tion has been widely used in real life, such as, high-def-
inition television, medical images, satellite images, se-
curity detection, microscopic imaging, virtual reality, etc.
As to thefield of digital television, super-resolutionimage
reconstruction which can convert digital television sig-
nals into high-definition television signals is an extremely
important application, for effectively improving video clar-
ity. Super-resolution image reconstruction follows the
principle of "deeper network, better effect". However, due
to the deepening of the network, technology adopting
SRResNet network structure has defects such as too
many parameters, slow gradient convergence, difficult
training, a decrease in real-time rate, etc. The classical
ResNet model uses batch normalization method to con-
verge the gradient and speed up the training process.
However, batch normalization may lead to excessive
computational overhead with the deepening of the depth
of the network, and the features may be standardized in
the light of its principle. As such, batch normalization is
not suitable for super-resolution applications. Therefore,
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it is necessary to propose a processing method different
from batch normalization to reduce computational over-
head and speed up the convergence rate. Additionally,
the classic ResNet model does not mention how torealize
super-resolution technology with different magnification
rates. Since the magnification rate of the resolutionin TV
applications is fixed, the classic ResNet model cannot
be well adapted to TV applications.

[0005] The contents above are only intended to assist
in understanding the technical solution of the present dis-
closure, but not to represent the related art.

SUMMARY OF THE DISCLOSURE

[0006] It is therefore one main objective of the disclo-
sure to provide an image super-resolution method, an
image super-resolution device, and a computer readable
storage medium, aiming to solve the problem that video
images at different magnification rates cannot share
training results of convolutional neural network

[0007] In order to achieve the above objective, the
present disclosure provides an image super-resolution
method, which includes:

acquiring and amplifying an image to be processed,
and extracting a scaling feature from the amplified
image, to obtain a first image to be processed;

sending the firstimage to be processed to a residual
network, for the residual network outputting a cor-
rected second image to be processed; and

restoring the second image to be processed to gen-
erate a restored image, and outputting the restored
image.

[0008] Optionally, the operation of acquiring and am-
plifying an image to be processed, and extracting a scal-
ing feature from the amplified image, to obtain a first im-
age to be processed, includes:

acquiring a low-resolution image to be processed,
and pre-processing the image to be processed in a
pre-processing convolution layer; and

sending the pre-processed image to be processed
to a scale amplification module, amplifying the image
to be processed based on a preset amplification
scale, and extracting the scaling feature from the am-
plified image, to obtain the first image to be proc-
essed.

[0009] Optionally, the preset amplification scale is de-
fined as two times, three times, or four times.

[0010] Optionally, the operation of sending the firstim-
age to be processed to aresidual network, for the residual
network outputting a corrected second image to be proc-
essed, includes:
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sending the firstimage to be processed to the resid-
ual network, processing the first image to be proc-
essed by a plurality of bottleneck residual units in
the residual network, to generate the corrected sec-
ond image to be processed; and

sending the second image to be processed to a scale
restoring module.

[0011] Optionally, the residual network includes the
plurality of bottleneck residual units and a convolution
layer, and each bottleneck residual unitis connected with
a weight normalization module.

[0012] Optionally, the bottleneck residual unit includes
three convolution layers, and an activation function layer
is defined between each two adjacent convolution layers,
and the activation function is a PReLu function.

[0013] Optionally, the activation function includes a
variable, and the value of the variable is obtained through
learning from an upper network layer.

[0014] Optionally, the operation of restoring the sec-
ond image to be processed to generate a restored image,
and outputting the restored image, includes:

on condition that a scale restoring module receives
the second image to be processed, reducing the
scale of the second image to be processed based
on a scale in a scale amplification module, to gen-
erate the restored image; and

outputting the restored image.

[0015] Optionally, the operation of sending the firstim-
age to be processed to a residual network, for the residual
network outputting a corrected second image to be proc-
essed, includes:

sending the firstimage to be processed to the resid-
ual network, processing the first image to be proc-
essed by a plurality of bottleneck residual units in
the residual network, to generate the corrected sec-
ond image to be processed; and

sending the second image to be processed to a scale
restoring module.

[0016] In addition, in order to achieve the above objec-
tive, the present disclosure further provides an image
super-resolution device. The device includes: a memory,
a processor, and an image super-resolution program
stored on the memory and executable on the processor,
the program, when executed by the processor, imple-
ments the following operations:

acquiring and amplifying an image to be processed,
and extracting a scaling feature from the amplified
image, to obtain a first image to be processed;
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sending the firstimage to be processed to a residual
network, for the residual network outputting a cor-
rected second image to be processed; and

restoring the second image to be processed to gen-
erate a restored image, and outputting the restored
image.

[0017] Optionally, the program, when executed by the
processor, implements the following operations:

acquiring a low-resolution image to be processed,
and pre-processing the image to be processed in a
pre-processing convolution layer; and

sending the pre-processed image to be processed
to a scale amplification module, amplifying the image
to be processed based on a preset amplification
scale, and extracting the scaling feature from the am-
plified image, to obtain the first image to be proc-
essed.

[0018] Optionally, the program, when executed by the
processor, implements the following operations:

sending the firstimage to be processed to the resid-
ual network, processing the first image to be proc-
essed by a plurality of bottleneck residual units in
the residual network, to generate the corrected sec-
ond image to be processed; and

sending the second image to be processed to a scale
restoring module.

[0019] Inaddition, in order to achieve the above objec-
tive, the present disclosure further provides a computer
readable storage medium, an image super-resolution
program is stored on the computer readable storage me-
dium, the program, when executed by the processor, im-
plements the following operations:

acquiring and amplifying an image to be processed,
and extracting a scaling feature from the amplified
image, to obtain a first image to be processed;

sending the firstimage to be processed to a residual
network, for the residual network outputting a cor-
rected second image to be processed; and

restoring the second image to be processed to gen-
erate a restored image, and outputting the restored
image.

[0020] Optionally, the program, when executed by the
processor, implements the following operations:

acquiring a low-resolution image to be processed,
and pre-processing the image to be processed in a
pre-processing convolution layer; and
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sending the pre-processed image to be processed
to a scale amplification module, amplifying theimage
to be processed based on a preset amplification
scale, and extracting the scaling feature from the am-
plified image, to obtain the first image to be proc-
essed.

[0021] Optionally, the program, when executed by the
processor, implements the following operations:

sending the firstimage to be processed to the resid-
ual network, processing the first image to be proc-
essed by a plurality of bottleneck residual units in
the residual network, to generate the corrected sec-
ond image to be processed; and

sending the second image to be processed to a scale
restoring module.

[0022] In the technical solution of the present disclo-
sure, the image to be processed is acquired and ampli-
fied, and the scaling feature is extracted from the ampli-
fied image, to obtain the first image to be processed; the
firstimage to be processed s sentto the residual network,
for the residual network outputting the corrected second
image to be processed; and the second image to be proc-
essed is restored to generate the restored image, and
the restored image is output. The present disclosure
could pre-process the image by amplifying the image to
different magnifications. The module part relying on mag-
nification rates can be separated from the main network,
and most of the parameters independent of the magnifi-
cation rates can share the network training results at dif-
ferent magnification rates, for increasing the versatility.
The technical solutions can be meet the super-resolution
requirement of 8K TV (the total column quantity of video
pixels is 4320).

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

FIG. 1is a schematic structural diagram of a terminal
of an image super-resolution device in a hardware
operating environment according to an embodiment
of the present disclosure;

FIG. 2 is a flow chart of an image super-resolution
method according to a first embodiment of the
present disclosure;

FIG. 3 is a main flow chart of the image super-reso-
lution method according to the first embodiment of
the present disclosure;

FIG. 4 is a schematic structural diagram of a bottle-
neck residual unit in the image super-resolution
method according to the first embodiment of the
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present disclosure;

FIG. 5 is a detailed flow chart of the operations of
acquiring and amplifying an image to be processed,
and extracting a scaling feature from the amplified
image, to obtain a first image to be processed, in an
image super-resolution method according to a sec-
ond embodiment of the present disclosure;

FIG. 6 is a detailed flow chart of the operation of
sending the firstimage to be processed to a residual
network, for the residual network outputting a cor-
rected second image to be processed, in an image
super-resolution method according to a third embod-
iment of the present disclosure;

FIG. 7 is a detailed flow chart of the operations of
restoring the second image to be processed to gen-
erate a restored image, and outputting the restored
image, in an image super-resolution method accord-
ing to a fourth embodiment of the present disclosure.

[0024] The realization of the aim, functional character-
istics, advantages of the present disclosure are further
described specifically with reference to the accompany-
ing drawings and embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] It is to be understood that, the exemplary em-
bodiments of the present disclosure are configured for
illustrating the present disclosure rather than restricting
the present disclosure.

[0026] As shown in FIG. 1, FIG. 1 shows a schematic
structural diagram of a terminal of an image super-reso-
lution device in a hardware operating environment ac-
cording to an embodiment of the present disclosure.
[0027] In the embodiment of the present disclosure,
the terminal may be a PC, or a mobile terminal device
with display function, such as a smart phone, a tablet
computer, an e-book reader, a Moving Picture Experts
Group Audio Layer Il (MP3) player, a Moving Picture
Experts Group Audio Layer IV (MP4) player, a portable
computer, etc.

[0028] As shown in FIG. 1, the terminal may include a
processor 1001, such as a CPU, a network interface
1004, a user interface 1003, a memory 1005, and a com-
munication bus 1002. The communication bus 1002 is
configured to realize the connections and communica-
tions among these components. The user interface 1003
may include a display, an input unit such as a Keyboard.
Optionally, the user interface 1003 may also include a
standard wired interface and a wireless interface. The
network interface 1004 may optionally include a standard
wired interface and a wireless interface (such as a WI-
Fl interface). The memory 1005 may be a high-speed
RAM memory or a non-volatile memory such as a disk
memory. The memory 1005 may alternatively be a stor-
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age device independent of the aforementioned proces-
sor 1001.

[0029] Optionally, the terminal may further include a
camera, a Radio Frequency (RF) circuitry, a sensor, an
audio circuitry, a WiFi module, etc. The sensor can be at
least one selected from a group consisting of light sensor,
motion sensor, etc. Specifically, the light sensor may in-
clude an ambient light sensor and a proximity sensor,
and the ambient light sensor may adjust brightness of
the display screen according to brightness of ambient
light, and the proximity sensor may turn off the display
screen and/or backlight when the mobile terminal moves
to the ear. The gravity acceleration sensor, as a kind of
motion sensor, can detect the magnitude of acceleration
in all directions (generally including x axis, y axis, z axis),
and can detect the magnitude and direction of gravity
when the mobile terminal is still. So that, the gravity ac-
celeration sensor can be applied to applications for iden-
tifying attitude of mobile terminal (such as switching be-
tween horizontal orientation and vertical orientation, re-
lated games, magnetometer attitude calibration), and
can be also applied to functions related to vibration iden-
tification (such as pedometer, tapping), etc. Of course,
the mobile terminal can also be equipped with gyroscope,
barometer, hygrometer, thermometer, infrared sensor,
and the like, there is no need to repeat here.

[0030] Those skilled in the art can understand that the
structure shown in FIG. 1 does not constitute a limitation
on the terminal, and the terminal may include more or
fewer components than shown, ora combination of some
of the components, or different component arrange-
ments.

[0031] Asshownin FIG. 1, the memory 1005 which is
regarded as a computer storage medium may include an
operating system, a network communication module, a
user interface module, and an image super-resolution
program.

[0032] In the terminal as shown in FIG. 1, the network
interface 1004 is mainly configured to connect with a
background server, and perform data communication
with the background server. The user interface 1003 is
mainly configured to connect with the client (a user end),
and perform data communication with the client. While
the processor 1001 may be configured to call an image
super-resolution program stored on the memory 1005.
[0033] In this embodiment, the image super-resolution
device includes a memory 1005, a processor 1001, and
an image super-resolution program stored on the mem-
ory 1005 and executable on the processor 1001. The
program, when executed by the processor 1001, per-
forms the following operations:

[0034] acquiring and amplifying an image to be proc-
essed, and extracting a scaling feature from the amplified
image, to obtain a first image to be processed;

sending the firstimage to be processed to a residual
network, for the residual network outputting a cor-
rected second image to be processed; and
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restoring the second image to be processed to gen-
erate a restored image, and outputting the restored
image.

The program, when executed by the processor, fur-
ther implements the following operations:

acquiring a low-resolution image to be processed,
and pre-processing the image to be processed in a
pre-processing convolution layer; and

sending the pre-processed image to be processed
to a scale amplification module, amplifying the image
to be processed based on a preset amplification
scale, and extracting the scaling feature from the am-
plified image, to obtain the first image to be proc-
essed.

[0035] The program, when executed by the processor,
further implements the following operations:

sending the firstimage to be processed to the resid-
ual network, processing the first image to be proc-
essed by a plurality of bottleneck residual units in
the residual network, to generate the corrected sec-
ond image to be processed; and

sending the second image to be processed to a scale
restoring module.

[0036] The present disclosure provides an image su-
per-resolution method according to a first embodiment.
As shown in FIG. 2, FIG. 2 shows a flow chart of the
image super-resolution method according to the first em-
bodiment of the present disclosure;

[0037] S10, acquiring and amplifying an image to be
processed, and extracting a scaling feature from the am-
plified image, to obtain a first image to be processed;
[0038] The method of the present disclosure can be
applied to both the image field and the video field. In the
method, single frame is acquired first. As to the video,
the video can be decomposed into a sequence having
continuous frames, and then the frames in the sequence
are subjected to a super-resolution processing, and the
processed frames are integrated into high-resolution vid-
eo based on the processed high-resolution avatars.
[0039] FIG. 3 shows the main flow chart of the method.
When a low-resolution image to be processed is ob-
tained, the image to be processed is input into the pre-
processing convolution layer to extract feature from the
image to be processed. After the feature extracting proc-
ess, the image subjected to feature extracting process
is sent to the scale amplification module. Three amplifi-
cation scales are preset in the scale amplification mod-
ule, namely two times, three times and four times respec-
tively, so that different amplification scales can be select-
ed according to actual conditions. Since the video reso-
lution adopted by digital TV is fixed, such as 720P, 1080P,
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2K, or 4K, etc. Under normal circumstances, different
video resolutions are suitable for different amplification
scales. When the amplification scale is two times, the
scale of each pixel point in a single direction changes to
two times of the original scale, that is, each pixel point
changes to four pixel points. And the four pixel points are
arranged in 2x2 array. That is, the scale of the amplified
pixel pointin any direction becomes two times of the orig-
inal scale of the pixel point. Similarly, when the amplifi-
cation scale is three times or four times, the scale of each
pixel point changes to three times or four times of the
original scale of the pixel point. For example, when the
amplification scale is three times, one pixel point changes
to nine pixel points; when the amplification scale is four
times, one pixel point changes to sixteen pixel points.
[0040] After the scale ofimage to be processed is sub-
jected to the amplification process by the scale amplifi-
cation module, the scaling feature is extracted from the
amplified image. Scaling feature represents the amplifi-
cation times which indicates the amplification of image.
Then, the first image to be processed is acquired after
process of extracting scaling feature. The first image to
be processed does not contain the scaling feature. That
is, even the images are amplified based on different am-
plification scales, the first imaged to be processed, ob-
tained through the process of extracting scaling feature,
are the same.

after scaling feature extraction is the same.

[0041] S20, sending the firstimage to be processed to
a residual network, for the residual network outputting a
corrected second image to be processed; and

[0042] Actually, the residual network is a convolution
neural network, the residual network includes several
bottleneck residual units and convolution layers. Aweight
normalization module is set after each bottleneck resid-
ual unit. As shown in FIG. 4, each bottleneck residual
unit includes three convolution layers and two activation
function layers, and one activation function layer is locat-
ed between two adjacent convolution layers. The activa-
tion function adopts the PReLu function and contains a
variable, the variable is obtained from the network learn-
ing at the previous level. In addition, in this embodiment,
ResNet-34 network model is adopted.

[0043] Before the emergence of residual network,
depth network model adapted by user has a few layers.
A series of measures, such as setting reasonable weight
initialization, increasing batch standardization, and im-
proving activation function, etc., were adopted to effec-
tively alleviate the gradient disappearance, making depth
network training feasible. With the deepening of network
layers, the error becomes smaller theoretically, and the
expression ability of the model is enhanced. However,
the training error becomes larger after simply overlaying
the network layers, which is mainly affected by factors
such as gradient disappearance, etc. Thus, the residual
network is emerged. The residual network is formed by
stacking residual modules. The residual module includes
aconventional residual module and a bottleneck residual
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module. The 1X1 convolution in the bottleneck residual
module can play the role of lifting and lowering the di-
mension, thus enabling the 3x3 convolution can be per-
formed on the lower input dimension. This design can
greatly reduce the calculation amount, and can achieve
a better effect in deep network. The activation function
in the residual network is defined as PRelLu, instead of
RelLu, and a parameteris introduced to help the activation
function to learn partial negative coefficient adaptively.
In addition, the residual network adopts image up-sam-
pling method and sub-pixel convolution layer.

[0044] S30, restoring the second image to be proc-
essed to generate a restored image, and outputting the
restored image.

[0045] A scale restoring module is arranged behind the
residual network, and the main function of the scale re-
storing module is to reductively restore the image to be
processed which is amplified by the scale amplification
module, for generating the high-resolution restored im-
age, then the high-resolution restored image is output,
for obtaining high-quality video.

[0046] In the technical solution of the present disclo-
sure, the image to be processed is acquired and ampli-
fied, and the scaling feature is extracted from the ampli-
fied image, to obtain the firstimage to be processed; the
firstimage to be processed is sent to the residual network,
for the residual network outputting the corrected second
image to be processed; and the second image to be proc-
essed is restored to generate the restored image, and
the restored image is output. The present disclosure
could pre-process the image by amplifying the image to
different magnifications. The module partrelying on mag-
nification rates can be separated from the main network,
and most of the parameters independent of the magnifi-
cation rates can share the network training results at dif-
ferent magnification rates, for increasing the versatility.
The technical solutions can be meet the super-resolution
requirement of 8K TV (the total column quantity of video
pixels is 4320).

[0047] Based on the first embodiment, the present dis-
closure provides an image super-resolution method ac-
cording to a second embodiment. Referring to FIG. 5,
S10 includes:

[0048] S11, acquiring a low-resolution image to be
processed, and pre-processing the image to be proc-
essed in a pre-processing convolution layer; and
[0049] Whenthe low-resolutionimage to be processed
is acquired, the image to be processed is input into the
pre-processing convolution layer to extract feature from
the image to be processed. After the feature extracting
process, the image subjected to feature extracting proc-
ess is sent to the scale amplification module.

[0050] S12, sending the pre-processed image to be
processed to a scale amplification module, amplifying
the image to be processed based on a preset amplifica-
tion scale, and extracting the scaling feature from the
amplifiedimage, to obtain the firstimage to be processed.
[0051] Three amplification scales are preset in the
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scale amplification module, namely two times, three
times and four times respectively, so that different am-
plification scales can be selected according to actual con-
ditions. Since the video resolution adopted by digital TV
is fixed, such as 720P, 1080P, 2K, or 4K, etc. Under
normal circumstances, different video resolutions are
suitable for different amplification scales. After the scale
ofimage to be processed is subjected to the amplification
process by the scale amplification module, the scaling
feature is extracted from the amplified image. Scaling
feature represents the amplification times which indi-
cates the amplification of image. Then, the firstimage to
be processed is acquired after process of extracting scal-
ing feature. The first image to be processed does not
contain the scaling feature. That is, even the images are
amplified based on different amplification scales, the first
imaged to be processed, obtained through the process
of extracting scaling feature, are the same.

[0052] Further, in one embodiment, the method further
includes:

[0053] The the preset amplification scale is defined as
two times, three times, or four times.

[0054] When the amplification scale is defined as two
times, the scale of each pixel point in a single direction
changes to two times of the original scale, that is, each
pixel point changes to four pixel points. And the four pixel
points are arranged in 2x2 array. That is, the scale of the
amplified pixel point in any direction becomes two times
of the original scale of the pixel point. Similarly, when the
amplification scale is three times or four times, the scale
of each pixel point changes to three times or four times
of the original scale of the pixel point. For example, when
the amplification scale is three times, one pixel point
changes to nine pixel points; when the amplification scale
is four times, one pixel point changes to sixteen pixel
points.

[0055] In the embodiment, the image super-resolution
method obtains the low-resolution image to be proc-
essed, and pre-processes the image to be processed in
the pre-processing convolution layer, then sends the pre-
processed image to the scale amplification module for
amplifying the pre-processed image based on the preset
amplification scale, and extracts the scaling feature from
the amplified image to obtain the first image to be proc-
essed which is subjected to scaling feature extracting
process. The adjacent frames of the video images have
strong correlation, not only the quality of reconstructed
super-resolution images, but also the efficiency of recon-
structing super-resolution images should be ensured.
[0056] Based on the first embodiment, the present dis-
closure provides an image super-resolution method ac-
cording to a third embodiment. Referring to FIG. 6, S20
includes:

[0057] S21, sending the firstimage to be processed to
the residual network, processing the first image to be
processed by a plurality of bottleneck residual units in
the residual network, to generate the corrected second
image to be processed; and
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[0058] Before the emergence of residual network,
depth network model adapted by user has a few layers.
A series of measures, such as setting reasonable weight
initialization, increasing batch standardization, and im-
proving activation function, etc., were adopted to effec-
tively alleviate the gradient disappearance, making depth
network training feasible. With the deepening of network
layers, the error becomes smaller theoretically, and the
expression ability of the model is enhanced. However,
the training error becomes larger after simply overlaying
the network layers, which is mainly affected by factors
such as gradient disappearance, etc. Thus, the residual
network is emerged. The residual network is formed by
stacking residual modules. The residual module includes
aconventional residual module and a bottleneck residual
module. The 1X1 convolution in the bottleneck residual
module can play the role of lifting and lowering the di-
mension, thus enabling the 3x3 convolution can be per-
formed on the lower input dimension. This design can
greatly reduce the calculation amount, and can achieve
a better effect in deep network. The activation function
in the residual network is defined as PRelLu, instead of
RelLu, and a parameteris introduced to help the activation
function to learn partial negative coefficient adaptively.
In addition, the residual network adopts image up-sam-
pling method and sub-pixel convolution layer.

[0059] Actually, the residual network is a convolution
neural network, the residual network includes several
bottleneck residual units and convolution layers. A weight
normalization module is set after each bottleneck resid-
ual unit. As shown in FIG. 4, each bottleneck residual
unit includes three convolution layers and two activation
function layers, and one activation function layer is locat-
ed between two adjacent convolution layers. The activa-
tion function adopts the PRelLu function and contains a
variable, the variable is obtained from the network learn-
ing at the previous level. In addition, in this embodiment,
ResNet-34 network model is adopted.

[0060] S22,sendingthesecondimagetobe processed
to a scale restoring module.

[0061] The firstimage to be processed which does not
have the scaling feature is inputinto the residual network,
for processing the first image to be processed, then the
the residual network outputs the corrected second image
to the scale restoring module, the scale restoring module
restores the image which does not have the scaling fea-
ture, for generating the restored image with scaling fea-
ture.

[0062] Furthermore, in one embodiment, the method
further includes:

[0063] The the residual network includes the plurality
of bottleneck residual units and a convolution layer, and
each bottleneck residual unit is connected with a weight
normalization module.

[0064] As shown in FIG. 3, the residual network is ar-
ranged behind the scale amplification module and in-
cludes a plurality of bottleneck residual units. A convo-
lution layer is arranged behind the bottleneck residual
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unit. A weight normalization module is arranged behind
each bottleneck residual unit. The weight normalization
processing is a method for parameterizing a neural net-
work model. Since the parameter set includes a vast
number of weights and deviation values in the depth neu-
ral network, how to optimize the above-mentioned pa-
rameters is an important problem in depth learning.
[0065] In the weight normalization module, in order to
speed up the convergence speed of the optimization op-
eration, the K-order weight vector is expressed by the K-
order vector v and the scale factor g based on the random
gradient descent. Through certain mathematical chang-
es, the following formula is obtained:

e g )
“f—1v§¥,{%w12g
vV L = M
™
Vb = iavwﬂ, Q?QEV
v v

[0066] Where g is regarded as the scale factor, w is
regarded as the k-order weight vector, v is regarded as
the k-order vector, and L is regarded as the loss function.

[0067] Furthermore, in one embodiment, the method
further includes:
[0068] The the bottleneck residual unit includes three

convolution layers, and an activation function layer is de-
fined between each two adjacent convolution layers, and
the activation function is a PReLu function.

[0069] As shown in FIG. 4, each bottleneck residual
unit includes three convolution layers, and an activation
function layer is defined between each two adjacent con-
volution layers. The activation function is parametric Re-
LU, i.e., PReLU function. The formula for this function is
as follows:

X,x20
PReLu ={
o-X,x<(

[0070] In which, a is a variable and learned from the
upper layer of network. The variable o helps the function
to learn some negative coefficients adaptively.

[0071] As to the image super-resolution method ac-
cording to the embodiment, the first image to be proc-
essed is sent to the residual network, and then processed
by the plurality of bottleneck residual units in the residual
network, for generating corrected second image to be
processed. Then the corrected second image is sent to
the scale restoring module. Therefore, the activation
function layer is improved, for improving the learning abil-
ity and adaptability of the residual network.
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[0072] Based on the first embodiment, the present dis-
closure provides an image super-resolution method ac-
cording to a fourth embodiment. Referring to FIG. 7, S30
includes:

S31, on condition that a scale restoring module receives
the second image to be processed, reducing the scale
of the second image to be processed based on a scale
in a scale amplification module, to generate the restored
image; and

[0073] A scalerestoring module is arranged behind the
residual network, and the main function of the scale re-
storing module is to reductively restore the image to be
processed which is amplified by the scale amplification
module, for generating the high-resolution restored im-
age, then the high-resolution restored image is output,
for obtaining high-quality video.

[0074] S32, outputting the restored image.

[0075] As to the image super-resolution method in the
embodiment, on condition that the scale restoring module
receives the second image to be processed, the scale
restoring module generates the restored image by cor-
respondingly reducing the second image based on the
scale in the scale amplification module. Then the stored
image is output. The residual network adopts the weight
normalization module for greatly reducing the calculation
cost of weight normalization, avoids the add of random-
ness in the noise estimation process. Therefore, the re-
sidual network can be applied to more types of network
models.

[0076] Inaddition, the presentdisclosure also provides
a computer readable storage medium. The computer
readable storage medium stores an image super-reso-
lution program. The program, when executed by a proc-
essor, implements the following operations:

acquiring and amplifying an image to be processed, and
extracting a scaling feature from the amplified image, to
obtain a first image to be processed;

sending the firstimage to be processed to a residual net-
work, for the residual network outputting a corrected sec-
ond image to be processed; and

restoring the second image to be processed to generate
a restored image, and outputting the restored image.
[0077] The program, when executed by the processor,
further implements the following operations:

acquiring a low-resolution image to be processed, and
pre-processing the image to be processed in a pre-
processing convolution layer; and

sending the pre-processed image to be processed to a
scale amplification module, amplifying the image to be
processed based on a preset amplification scale, and
extracting the scaling feature from the amplified image,
to obtain the first image to be processed.

[0078] The program, when executed by the processor,
implements the following operations:

sending the first image to be processed to the residual
network, processing the first image to be processed by
a plurality of bottleneck residual units in the residual net-
work, to generate the corrected second image to be proc-
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essed; and

sending the second image to be processed to a scale
restoring module.

[0079] It needs to be noted that in the present disclo-
sure, the terms "comprising”, "including" or other variants
aim to cover non-exclusive inclusion, such that the proc-
esses, methods, articles or devices including a series of
factors not only include these factors, but also include
other factors not listed explicitly, or further comprise in-
clude intrinsic for such processes, methods, articles or
devices. In the absence of more limitations, the factors
limited by "comprising a ....." do not exclude that addi-
tional identical factors are also included in the processes,
methods, articles or devices comprising said factors.
[0080] The sequence number in the above embodi-
ments of the present disclosure is only for the purpose
of explanation and not intended to indicate the merits of
the embodiments.

[0081] Through above description of the embodi-
ments, it should be understood by a person skilled in the
art that the present disclosure may be implemented by
means of software in connection with necessary univer-
sal hardware platform. Of course, the present disclosure
may also be implemented by a hardware. However, in
many cases the former is more preferred. Based on this
understanding, all or the part contributing to the prior art
of the technical solution of the present disclosure may
be embodied in the form of software. The computer soft-
ware may be stored in a storage medium (such as
ROM/RAM, diskette, or light disk) and include a plurality
of instructions which are used to implement the method
as described in the various embodiments of the present
disclosure by a terminal device (such as a television, a
mobile phone, a computer, a device, an air conditioner,
or a network device, etc.).

[0082] The foregoing description merely portrays
some illustrative embodiments according to the disclo-
sure and therefore is not intended to limit the patentable
scope of the disclosure. Any equivalent structural or flow
transformations that are made taking advantage of the
specification and accompanying drawings of the disclo-
sure and any direct or indirect applications thereof in oth-
er related technical fields shall all fall in the scope of pro-
tection of the disclosure.

Claims

1. An image super-resolution method, characterized
in that the method comprises:

acquiring and amplifying an image to be proc-
essed, and extracting a scaling feature from the
amplified image, to obtain a first image to be
processed;

sending the first image to be processed to a re-
sidual network, for the residual network output-
ting a corrected second image to be processed;
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and

restoring the second image to be processed to
generate a restored image, and outputting the
restored image.

The method according to claim 1, wherein the oper-
ation of acquiring and amplifying animage to be proc-
essed, and extracting a scaling feature from the am-
plified image, to obtain a firstimage to be processed,
comprises:

acquiring a low-resolution image to be proc-
essed, and pre-processing theimage to be proc-
essed in a pre-processing convolution layer; and
sending the pre-processed image to be proc-
essed to a scale amplification module, amplify-
ing the image to be processed based on a preset
amplification scale, and extracting the scaling
feature from the amplified image, to obtain the
first image to be processed.

The method according to claim 2, wherein the preset
amplification scale is defined as two times, three
times, or four times.

The method according to claim 1, wherein the oper-
ation of sending the first image to be processed to a
residual network, for the residual network outputting
a corrected second image to be processed, compris-
es:

sending the first image to be processed to the
residual network, processing the first image to
be processed by a plurality of bottleneck residual
units in the residual network, to generate the cor-
rected second image to be processed; and
sending the second image to be processed to a
scale restoring module.

The method according to claim 4, wherein the resid-
ual network comprises the plurality of bottleneck re-
sidual units and a convolution layer, and each bot-
tleneck residual unit is connected with a weight nor-
malization module.

The method according to claim 5, wherein the bot-
tleneck residual unit comprises three convolution
layers, and an activation function layer is defined be-
tween each two adjacent convolution layers, and the
activation function is a PReLu function.

The method according to claim 6, wherein the acti-
vation function comprises a variable, and the value
of the variable is obtained through learning from an
upper network layer.

The method according to claim 1, wherein the oper-
ation of restoring the second image to be processed
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to generate a restored image, and outputting the re-
stored image, comprises:

on condition that a scale restoring module re-
ceives the second image to be processed, re-
ducing the scale of the second image to be proc-
essed based on a scale in a scale amplification
module, to generate the restored image; and
outputting the restored image.

The method according to claim 2, wherein the oper-
ation of sending the firstimage to be processed to a
residual network, for the residual network outputting
acorrected second image to be processed, compris-
es:

sending the first image to be processed to the
residual network, processing the first image to
be processed by a plurality of bottleneck residual
units in the residual network, to generate the cor-
rected second image to be processed; and
sending the second image to be processed to a
scale restoring module.

Animage super-resolution device, characterized in
that the device comprises: a memory, a processor,
and an image super-resolution program stored on
the memory and executable on the processor, the
program, when executed by the processor, imple-
ments the following operations:

acquiring and amplifying an image to be proc-
essed, and extracting a scaling feature from the
amplified image, to obtain a first image to be
processed;

sending the first image to be processed to a re-
sidual network, for the residual network output-
ting a corrected second image to be processed;
and

restoring the second image to be processed to
generate a restored image, and outputting the
restored image.

The device according to claim 10, wherein the pro-
gram, when executed by the processor, implements
the following operations:

acquiring a low-resolution image to be proc-
essed, and pre-processing the image to be proc-
essedin a pre-processing convolution layer; and
sending the pre-processed image to be proc-
essed to a scale amplification module, amplify-
ing the image to be processed based on a preset
amplification scale, and extracting the scaling
feature from the amplified image, to obtain the
first image to be processed.

The device according to claim 10, wherein the pro-
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gram, when executed by the processor, implements
the following operations:

sending the first image to be processed to the
residual network, processing the first image to
be processed by a plurality of bottleneck residual
units in the residual network, to generate the cor-
rected second image to be processed; and
sending the second image to be processed to a
scale restoring module.

13. A computer readable storage medium, character-

ized in that an image super-resolution program is
stored on the computer readable storage medium,
the program, when executed by a processor, imple-
ments the following operations:

acquiring and amplifying an image to be proc-
essed, and extracting a scaling feature from the
amplified image, to obtain a first image to be
processed;

sending the first image to be processed to a re-
sidual network, for the residual network output-
ting a corrected second image to be processed;
and

restoring the second image to be processed to
generate a restored image, and outputting the
restored image.

14. The computer readable storage medium according

to claim 13, wherein the program, when executed by
the processor, implements the following operations:

acquiring a low-resolution image to be proc-
essed, and pre-processing theimage to be proc-
essed in a pre-processing convolution layer; and
sending the pre-processed image to be proc-
essed to a scale amplification module, amplify-
ing the image to be processed based on a preset
amplification scale, and extracting the scaling
feature from the amplified image, to obtain the
first image to be processed.

15. The computer readable storage medium according

to claim 13, wherein the program, when executed by
the processor, implements the following operations:

sending the first image to be processed to the
residual network, processing the first image to
be processed by a plurality of bottleneck residual
units in the residual network, to generate the cor-
rected second image to be processed; and
sending the second image to be processed to a
scale restoring module.
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a preset amplification scale, and extracting the scaling feature from
the amplified image, to obtain the first image to be processed
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processing the first image to be processed by a plurality of
bottleneck residual units in the residual network, to generate the
corrected second image to be processed
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sending the second image to be processed to a scale restoring
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